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(57) ABSTRACT

A hybrid vehicle according to the present invention includes
an engine, a power storage device, a motor generator, and an
ECU. The motor generator receives electric power from the
power storage device and generates travel driving force. The
ECU selects one of a CD mode and a CS mode to cause the
vehicle to travel, in the CD mode an SOC of the power
storage device being consumed, in the CS mode the SOC
being maintained within a prescribed range. The CS mode
includes a first CS mode and a second CS mode, the first CS
mode being selected when the SOC decreases to a pre-
scribed amount, the second CS mode being selected based
on a user’s intention. A second prescribed range correspond-
ing to the second CS mode is set to be wider than a first
prescribed range corresponding to the first CS mode.
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1
HYBRID VEHICLE AND METHOD OF
CONTROLLING HYBRID VEHICLE

This nonprovisional application is based on Japanese
Patent Application No. 2014-092804 filed on Apr. 28, 2014
with the Japan Patent Office, the entire contents of which are
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a hybrid vehicle and a
method of controlling the hybrid vehicle, and more particu-
larly to control of a hybrid vehicle that travels while switch-
ing a mode between a CD (Charge Depleting) mode and a
CS (Charge Sustaining) mode.

2. Description of the Background Art

As an environment-friendly vehicle, a hybrid vehicle that
travels using driving force from an internal combustion
engine and driving force from a rotating electric machine is
known.

Japanese Patent Laying-Open No. 2011-57116 discloses a
hybrid vehicle including an internal combustion engine and
a rotating electric machine. The hybrid vehicle disclosed in
Japanese Patent Laying-Open No. 2011-57116 travels while
switching a mode between a CD mode in which an SOC
(State Of Charge) of a power storage device is consumed
and a CS mode in which the SOC is maintained within a
prescribed range. When the SOC decreases to a prescribed
amount, the mode is automatically switched from the CD
mode to the CS mode.

SUMMARY OF THE INVENTION

As described above, in the vehicle that travels while
switching the mode from the CD mode to the CS mode in
response to a decrease in the SOC to the prescribed amount,
the range in which the SOC is maintained in the CS mode
may be set to be relatively narrow. This may increase the
frequency of driving the engine for maintaining the SOC.
Thus, even in the case of a low load condition by which the
vehicle can travel only using the driving force from the
rotating electric machine (EV traveling), the internal com-
bustion engine is driven, so that the fuel efficiency may
decrease.

The present invention has been made to solve the above-
described problems. An object of the present invention is to
provide a hybrid vehicle that can travel while switching a
mode between a CD mode and a CS mode, aiming at
improving the fuel efficiency in the CS mode.

A hybrid vehicle according to the present invention
includes: an internal combustion engine; a power storage
device that is chargeable/dischargeable; a rotating electric
machine; and a control device. The rotating electric machine
receives electric power from the power storage device and
generates travel driving force. The control device is config-
ured to select one of a CD mode and a CS mode to cause the
hybrid vehicle to travel. In the CD mode, an SOC of the
power storage device is consumed. In the CS mode, the SOC
is maintained within a prescribed range. The CS mode
includes a first CS mode selected when the SOC decreases
to a prescribed amount and a second CS mode selected based
on an intention of a user. A second prescribed range corre-
sponding to the second CS mode is set to be wider than a first
prescribed range corresponding to the first CS mode.

Furthermore, a method of controlling a hybrid vehicle
according to the present invention is a method of controlling
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a hybrid vehicle including an internal combustion engine
and a rotating electric machine that operates using electric
power from a power storage device. The above-described
controlling method includes the step of: selecting one of a
CD mode and a CS mode to cause the hybrid vehicle to
travel. In the CD mode, an SOC of the power storage device
is consumed. In the CS mode, the SOC is maintained within
a prescribed range. The CS mode includes a first CS mode
selected when the SOC decreases to a prescribed amount
and a second CS mode selected based on an intention of a
user. This controlling method further includes the step of:
setting a second prescribed range corresponding to the
second CS mode to be wider than a first prescribed range
corresponding to the first CS mode.

According to the hybrid vehicle configured as described
above and the method of controlling the hybrid vehicle, even
if the SOC does not decrease to the prescribed amount, the
CS mode can be selected by the user’s intention. Also, in the
CS mode selected by the user (the second CS mode), a
variable range (a prescribed range) in which the SOC is
maintained is set to be wider than that in the case of the CS
mode automatically selected in response to a decrease in the
SOC to the prescribed amount (the first CS mode). Thereby,
the opportunity (time period) to perform EV traveling can be
increased also in the CS mode (the second CS mode), so that
the fuel efficiency can be improved.

Preferably, when a prescribed mode in which reduction in
fuel consumption is prioritized over acceleration is selected
in the second CS mode, the control device sets the second
prescribed range to be further wider than that in a case where
the prescribed mode is not selected.

According to such a configuration, when a so-called ECO
mode in which reduction in fuel consumption is prioritized
is selected in the second CS mode selected by the user, the
prescribed range of the SOC at the time when the SOC is
maintained is set to be wider than that in the case where the
ECO mode is not selected. This leads to a reduction in
frequency of starting the internal combustion engine for
charging the power storage device when the ECO mode is
selected. Accordingly, the opportunity to perform EV trav-
eling can be increased. Therefore, the fuel efficiency of the
internal combustion engine can be further improved.

Preferably, when required power becomes larger than a
prescribed threshold value, the control device drives the
internal combustion engine to cause the hybrid vehicle to
travel using driving force from the internal combustion
engine in addition to driving force from the rotating electric
machine. When the above-described prescribed mode (ECO
mode) is set in the second CS mode, the control device sets
the prescribed threshold value to be larger than that in a case
where the ECO mode is not selected.

According to such a configuration, in the case where the
ECO mode is set in the second CS mode, the threshold value
for starting the internal combustion engine in accordance
with an increase in the required power is set to be larger than
that in the case of the first CS mode. This leads to a reduction
in frequency of starting the internal combustion engine when
the user requiring power is increased, so that fuel efficiency
can be further improved.

Preferably, when the internal combustion engine is oper-
ated in a case where the second CS mode is selected, the
control device adjusts required charge power so as to be
close to a prescribed operating point at which operating
efficiency of the internal combustion engine is enhanced.

According to such a configuration, in the case where the
internal combustion engine needs to be started when the
second CS mode is set, the required charge power is adjusted
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such that the operating efficiency of the internal combustion
engine is enhanced as much as possible. Thereby, for
example, in the case where the power storage device needs
to be charged as the SOC decreases during a low load
condition, the required charge power is increased to increase
the load on the internal combustion engine, thereby sup-
pressing the internal combustion engine from being operated
at an inefficient operating point. Consequently, the fuel
efficiency can be further improved.

Preferably, the first prescribed range is determined based
on the prescribed amount, and the second prescribed range
is determined based on the SOC at a time when the second
CS mode is selected by the user.

According to such a configuration, in the second CS mode
selected by the user, control is carried out such that the SOC
requested by the user (the SOC at the point of time when the
user made a selection) is maintained, thereby allowing
control to be carried out so as to reflect the user’s intention.

Preferably, when the CS mode is selected, the control
device sets required charge power for the power storage
device in accordance with the SOC. When the second CS
mode is selected, the control device sets the required charge
power to be larger than that in a case where the first CS mode
is selected.

According to such a configuration, the required charge
power in the CS mode is set in accordance with the current
SOC (more specifically, in accordance with a deviation
between the current SOC and the SOC target value), and this
required charge power is set to be larger in the second CS
mode than in the first CS mode. Thereby, in the second CS
mode, the required charge power is relatively increased
when the internal combustion engine is operated. Therefore,
the load of the internal combustion engine is increased, so
that the internal combustion engine can be operated at a
more efficient operating point.

According to the present invention, in the hybrid vehicle
that can travel while switching a mode between the CD
mode and the CS mode, the second CS mode that can be set
by the user’s intention is used, thereby allowing improve-
ment in the fuel efficiency during execution of the CS mode.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an overall block diagram of a hybrid vehicle
according to the present embodiment.

FIG. 2 is a diagram for illustrating a CD mode and a CS
mode.

FIG. 3 is a diagram for illustrating an outline of switching
control for the CS mode that is carried out in the first
embodiment.

FIG. 4 is a flowchart for illustrating details of a process of
mode switching control carried out by an ECU in the first
embodiment.

FIG. 5 is a diagram for illustrating the relation between an
SOC and required charge/discharge power in each mode.

FIG. 6 is a time chart for illustrating an outline of control
in the second embodiment.

FIG. 7 is a flowchart for illustrating details of a process of
mode switching control carried out by an ECU in the second
embodiment.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be hereinafter
described in detail with reference to the drawings. In the
drawings, the same or corresponding components are des-
ignated by the same reference characters, and a description
thereof will not be repeated.

[Basic Configuration of Vehicle]

FIG. 1 is an overall block diagram of a charging system
10 including a hybrid vehicle 100 according to the present
embodiment.

Referring to FIG. 1, vehicle 100 includes a power storage
device 110, a system main relay (SMR) 115, a PCU (Power
Control Unit) 120 serving as a drive device, motor genera-
tors 130 and 135, a power transmission gear 140, an engine
150 serving as an internal combustion engine, a driving
wheel 160, an accelerator pedal 170, and an ECU (Elec-
tronic Control Unit) 300 serving as a control device.

Power storage device 110 is a chargeable and discharge-
able electric power storage component. Power storage
device 110 is configured to include, for example, a second-
ary battery such as a lithium-ion battery and a nickel-metal
hydride battery, or a power storage element such as an
electric double layer capacitor.

Power storage device 110 is connected to PCU 120
through power lines PL.1 and NLL1. Power storage device 110
supplies electric power for generating driving force for
vehicle 100 to PCU 120. Furthermore, power storage device
110 stores the electric power generated by motor generators
130 and 135. The output voltage of power storage device 110
is, for example, approximately 200V.

Power storage device 110 includes a voltage sensor, a
current sensor, and a temperature sensor (that are not
shown), and outputs a voltage VB, a current 1B, and a
temperature TB of power storage device 110 detected by
these sensors to ECU 300.

SMR 115 includes: a relay having one end connected to
the positive electrode of power storage device 110 and the
other end connected to power line PL.1; and a relay having
one end connected to the negative electrode of power
storage device 110 and the other end connected to power line
NL1. Each relay included in SMR 115 is controlled based on
a control signal SE1 from ECU 300, to switch supply and
cut-off of the electric power between power storage device
110 and PCU 120.

PCU 120 is configured to include a converter and an
inverter, for example. PCU 120 is controlled by control
signals PWC and PWI from ECU 300 to convert direct-
current (DC) power from power storage device 110 into
alternating-current (AC) power for driving motor generators
130 and 135. Furthermore, PCU 120 converts the electric
power generated by motor generators 130 and 135 to charge
power storage device 110.

Motor generators 130 and 135 each are an AC rotating
electric machine, and, for example, a permanent magnet-
type synchronous electric motor provided with a rotor into
which a permanent magnet is embedded. The output torque
of each of motor generators 130 and 135 is transmitted to
driving wheel 160 through power transmission gear 140
formed to include a reduction gear and a power split device,
for causing vehicle 100 to travel. Motor generators 130 and
135 can generate electric power by the rotating force of
driving wheel 160 during the regenerative braking operation
of'vehicle 100. PCU 120 then converts the generated electric
power into electric power for charging power storage device
110.



US 9,469,292 B2

5

In the present embodiment, motor generator 135 is used
as an electric motor solely for driving the driving wheel 160
while motor generator 130 is used as a power generator
solely driven by engine 150. Furthermore, engine 150 is
controlled by ECU 300 using a control signal DRV.

Vehicle 100 includes a charging device 200, a charging
relay CHR 210 and a connection unit 220 as a configuration
for charging power storage device 110 using the electric
power from an external power supply 500.

Connection unit 220 is provided in the body of vehicle
100 for receiving electric power from external power supply
500. A charging connector 410 of a charging cable 400 is
connected to connection unit 220. Then, a plug 420 of
charging cable 400 is connected to a receptacle 510 of
external power supply 500, so that the electric power from
external power supply 500 is transmitted to vehicle 100
through a power line unit 430 of charging cable 400.
Furthermore, power line unit 430 of charging cable 400 may
be provided with a charging circuit interrupt device (not
shown) for switching supply and cut-off of electric power
from external power supply 500 to vehicle 100.

Charging device 200 is connected to connection unit 220
through power lines ACL1 and ACL2. Furthermore, charg-
ing device 200 is connected through CHR 210 to power
storage device 110. Based on a control signal PWD from
ECU 300, charging device 200 converts AC power supplied
from external power supply 500 into DC power with which
power storage device 110 can be charged.

CHR 210 includes: a relay having one end connected to
the positive electrode terminal of power storage device 110
and the other end connected to power line PL.2; and a relay
having one end connected to the negative electrode terminal
of power storage device 110 and the other end connected to
power line NL.2. Based on a control signal SE2 from ECU
300, CHR 210 switches supply and cut-off of the electric
power from charging device 200 to power storage device
110.

ECU 300 including a CPU (Central Processing Unit), a
storage device and an input and output buffer that are not
shown in FIG. 1 receives a signal from each sensor and the
like and outputs a control signal to each device. ECU 300
also controls power storage device 110 and each device in
vehicle 100. It is to be noted that the above-described control
is not limited to processing by software, but can be carried
out by dedicated hardware (an electronic circuit).

ECU 300 calculates a state of charge SOC of power
storage device 110 based on the detected values of voltage
VB, current IB and temperature TB from power storage
device 110. ECU 300 receives, from accelerator pedal 170,
a signal ACC representing the amount of operation of an
accelerator pedal 170 by the user.

The hybrid vehicle in the present embodiment is config-
ured to travel while switching a mode between the CD mode
and the CS mode.

The CS mode is a mode in which the SOC is maintained
within a prescribed range determined based on the target
value of the SOC. In the CS mode, when the SOC decreases
to the lower limit of the above-described prescribed range,
engine 150 is driven to cause motor generator 130 to
generate electric power, and then, power storage device 110
is charged using this generated electric power. Then, when
the SOC is recovered to the upper limit of the prescribed
range, charging of power storage device 110 is stopped.

The CD mode is a mode in which the SOC of power
storage device 110 is consumed without maintaining this
SOC within the prescribed range. In other words, basically
in the CD mode, engine 150 is not driven for the purpose of
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charging power storage device 110, but the SOC decreases
gradually as the vehicle travels.

In the CD mode, a so-called EV (Electric Vehicle) trav-
eling is mainly employed, in which the vehicle travels using
only the driving force generated by motor generator 135. In
addition, when the power required by the user cannot be
achieved only with the driving force generated by motor
generator 135, or when the electric power for driving
auxiliary equipment (not shown) such as an air-conditioner
is required, engine 150 is driven also in the CD mode.

Furthermore, ECU 300 receives CS mode selection infor-
mation MOD set by the user operation, and selection infor-
mation ECO of the traveling mode in which the fuel effi-
ciency is prioritized. These pieces of information are output
by the user operating a prescribed switch provided inside the
driver’s cab or an operation panel used for a navigation
device and the like.

FIG. 2 is a diagram for illustrating an example of switch-
ing the mode between the CD mode and the CS mode as
described above. Referring to FIG. 2, for example, when the
vehicle starts travelling in the state where power storage
device 110 is in the fully charged state, the CD mode is first
selected, in which case the vehicle travels while consuming
the SOC until the SOC decreases to a prescribed amount
SL1. Then, when the SOC reaches prescribed amount SL.1
at time t10, the CD mode is automatically switched to the CS
mode. In the CS mode, engine 150 is driven as appropriate
for charging power storage device 110 such that the SOC is
maintained within a control range RNG1 (for example,
SL1+5%) defined based on prescribed amount SL1.

More specifically, in response to a decrease in the SOC to
the lower limit of control range RNG1, engine 150 is driven
to charge power storage device 110. Then, in response to
recovery of the SOC to the upper limit of control range
RNG1, charging of power storage device 110 is stopped. In
this way, in the CS mode, the SOC is maintained within
prescribed control range RNG1 while repeating charging
and discharging of power storage device 110. In addition, as
having been described with reference to FIG. 2, the CS mode
that is automatically switched in response to a decrease in
the SOC to a prescribed amount shall be referred to as the
first CS mode in the present embodiment.

Although an explanation has been given in FIG. 1 by way
of example with regard to the configuration of a so-called
plug-in hybrid vehicle in which a power storage device can
be charged using electric power from a power supply
external to the vehicle, the hybrid vehicle in the present
embodiment may be a hybrid vehicle not having an exter-
nally charging function.

First Embodiment

In addition to the CS mode to which the mode is auto-
matically switched as the SOC decreases to the prescribed
amount as described above (the first CS mode), there are
some hybrid vehicles having a configuration capable of
selecting the CS mode that is switched from the CD mode
at desired timing by the user’s intention (which will be also
referred to as the second CS mode). This second CS mode
is selected, for example, when the user wants to preserve the
SOC.

In the case of the first CS mode, prescribed amount SL.1
of'the SOC for mode switching (that is, a target SOC in the
first CS mode) may be set to be relatively low in order to
allow the CD mode to be continued as long as possible.
Accordingly, as to the variable range (control range RNG1
mentioned above), a margin particularly in the direction of
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the lower limit is relatively small, with the result that the
control range is to be set relatively narrow. When the CS
mode is applied in such a relatively narrow control range,
there occurs an increase in frequency of starting the engine
for charging as the SOC decreases to the lower limit of the
control range. Also, the time period during which the SOC
is consumed becomes relatively short even after recovery of
the SOC. As a result, the fuel efficiency may decrease.

On the other hand, in the second CS mode, since the SOC
target value is basically set to be higher than that in the case
of the first CS mode, a margin in the direction of the lower
limit of the control range can be set to be relatively large.
Consequently, a decrease in fuel efficiency as described
above can be suppressed.

Therefore, according to the present embodiment, in the
second CS mode, the control range in which the SOC is
maintained is set to be wider than the control range in the
first CS mode. This leads to a reduction in the frequency of
starting the engine in the second CS mode and also leads to
an increase in the time period during which the vehicle
travels while consuming the SOC. Therefore, the SOC can
be maintained within a prescribed range while suppressing
a decrease in fuel efficiency in the CS mode.

FIG. 3 is a diagram for illustrating switching control in the
CS mode in the first embodiment. In FIG. 3, a dashed line
LN1 shows the first CS mode explained with reference to
FIG. 2 while a solid line LN2 shows the second CS mode in
the present first embodiment. Since the first CS mode is the
same as that in FIG. 2, description thereof will not be
repeated.

Referring to FIG. 3, when the vehicle starts traveling in
the fully charged state as in FIG. 2, the CD mode is first
selected, in which case the vehicle travels while consuming
the SOC. When the CS mode is selected by the user
operating the CS selection switch at time t5 at which the
SOC is equivalent to SL.2 larger than prescribed amount
SL1, the second CS mode is selected to carry out control
such that the SOC is maintained within a control range
RNG2 determined based on SL.2. In this case, control range
RNG2 corresponding to a variable range of the SOC is set
to be wider than control range RNG1 in the first CS mode
(for example, S[.2+10%).

In the second CS mode, since the value of SL2 that is a
target SOC is larger than SL.1, a margin in the direction of
the lower limit is relatively large as compared with the case
of SL1. Accordingly, control range RNG2 can be set to be
wider than control range RNG1. The control range that is set
to be relatively wide in this way allows a reduction in
frequency of starting engine 150, and also allows an increase
in the time period during which the vehicle can travel while
consuming the SOC after recovery of the SOC.

FIG. 3 shows an example in which control range RNG2
is set such that ranges to the upper limit and the lower limit
are equal with respect to SL2 defined as the center and
representing the SOC at the time when the user operation is
performed. However, for example, the upper limit value may
be set in a range similar to that in the case of the first CS
mode (SL.2+5%) and only the lower limit value may be set
in a range wider than that in the case of the first CS mode
(SL2-10%).

FIG. 4 is a flowchart for illustrating a process of mode
switching control executed by ECU 300 in order to imple-
ment the control as described above. Each step in the
flowchart shown in each of FIGS. 4 and 7 which will be
described later is implemented by executing a program
stored in ECU 300 in advance in a prescribed cycle. Alter-
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natively, the process may also be implemented for a portion
of the steps by developing dedicated hardware (electronic
circuit).

Referring to FIGS. 1 and 4, ECU 300 determines in step
(which will be hereinafter abbreviated as S) 100 whether or
not vehicle 100 is in a Ready-ON state in which the vehicle
is ready to travel. The Ready-ON state specifically means
the state where SMR 115 is closed and a preparation for
driving PCU 120 and engine 150 is completed.

When vehicle 100 is not in the Ready-ON state (NO in
S100), vehicle 100 is still not ready to travel and the mode
does not need to be selected. Accordingly, ECU 300 skips
subsequent steps and terminates the process.

When vehicle 100 is in the Ready-ON state (YES in
S100), the process proceeds to S110, in which ECU 300
determines whether the CS selection switch is turned on or
not by the user, that is, whether the second CS mode is
selected or not.

When the second CS mode is not selected by the user
operation (NO in S110), ECU 300 proceeds the process to
S160, in which ECU 300 determines whether or not the SOC
decreases to prescribed amount SL.1. When the SOC does
not decrease to SOC target value SL.1 (NO in S160), ECU
300 determines that the timing is not appropriate to shift the
mode to the CS mode. Then, ECU 300 proceeds the process
to S175 and selects the CD mode. When the CD mode is
selected, ECU 300 carries out control so as to cause vehicle
100 to travel while consuming the SOC in the state where
charging of power storage device 110 aiming at maintaining
the SOC is suppressed.

When the SOC decreases to prescribed amount SL.1 (YES
in S160), the process proceeds to S170, in which ECU 300
selects the CS mode (first CS mode). Then, ECU 300 sets the
above-described prescribed amount SL1 at an SOC target
value in the CS mode in S180, and sets the control range in
the CS mode at RNG1 in S190. Then, ECU 300 imposes a
limitation on the required charge power based on the SOC
in S200.

As described above, control range RNG1 in the first CS
mode is set to be relatively narrow. Therefore, when the
required charge power is set to be relatively large, the
recovery time of the SOC becomes short, with the result that
engine 150 may be frequently started/stopped. For this
reason, in the first CS mode, as shown in FIG. 5, the required
charge power (and required discharge power) set in accor-
dance with the deviation of the SOC from an SOC target
value Stg is set so as to be changed relatively gradually as
compared with the normal case (and with the second CS
mode), thereby suppressing engine 150 from being fre-
quently started/stopped. In addition, limitation on the
required charge power in S200 is not indispensable, but
further limitation does not have to be imposed, for example,
in the case where the required charge power is set in advance
to be relatively gradually changed.

Then, ECU 300 proceeds the process to S150, and carries
out SOC retention control for starting engine 150 to recover
the SOC. In this SOC retention control, until the SOC
reaches the upper limit value of control range RNG1, power
storage device 110 is charged using the electric power
generated by driving motor generator 135 by engine 150.

On the other hand, when the second CS mode is selected
by the user’s operation in S110 (YES in S110), ECU 300
proceeds the process to S120, in which ECU 300 sets the
SOC achieved at the point of time when the user operation
is performed as a target value SL2, and also sets control
range RNG2 of the SOC (>*RNG1) in S130, as having been
described with reference to FIG. 3.
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Then, in S140, ECU 300 cancels limitations on the
required charge power and the required discharge power in
the first CS mode as shown in FIG. 5. In S150, ECU 300
carries out SOC retention control. In the second CS mode,
the control range is set to be relatively wide. Accordingly,
even if the required charge power is set to be relatively large,
it becomes possible to provide a lengthened time period
during which the EV traveling can be performed after
recovery of the SOC, so that the fuel efficiency is less likely
to decrease. Furthermore, when the required charge power is
set to be relatively large, even during low load traveling, the
load of engine 150 is increased to drive engine 150 at a more
efficient operating point, thereby allowing a reduction in fuel
consumption and also allowing a reduction in time period
for driving engine 150 that is required for recovering the
SOC.

By carrying out control according to the process as
described above, in a hybrid vehicle that can travel while
switching the mode between the CD mode and the CS mode,
the mode can be switched from the CD mode to the CS mode
as appropriate by the user’s intention. Also, in the CS mode
selected by the user (second CS mode), when the variable
range of the SOC is set to be wider than that in the case of
the CS mode to which the mode is automatically switched as
the SOC decreases (first CS mode), the frequency of starting
the engine can be reduced, and also, the time period during
which EV traveling can be performed can be set to be
relatively long. Furthermore, during engine driving, the
engine can be driven at a more efficient operating point.
Thereby, the fuel efficiency in the CS mode can be
improved.

Second Embodiment

In the first embodiment, an explanation has been given
with regard to an example in which the control range of the
SOC in the CS mode selected by the user’s operation
(second CS mode) is set to be wider than the control range
in the first CS mode.

There are some vehicles that are known to be capable of
setting a traveling mode in which improvement in fuel
efficiency is prioritized over the traveling performance
(which will be hereinafter also referred to as an “ECO
mode”). In such a vehicle capable of setting the ECO mode,
further improvement in fuel efficiency may be required in
the second CS mode.

Explained in the second embodiment will be an example
of an approach to improving the fuel efficiency in the case
where the ECO mode is also selected when the second CS
mode is selected. More specifically, in the second embodi-
ment, when the ECO mode is selected in the second CS
mode, the control range in the above-described first embodi-
ment is set to be further wide while the engine start-up
threshold value for the system requiring power is set to be
relatively high. Thereby, the frequency of starting the engine
is further reduced, so that the fuel efficiency in the CS mode
can be further improved.

In addition, when the control range is set to be further
wide, the SOC greatly changes in spite of being in the CS
mode in which the SOC is maintained. However, the user
himself/herself who selected the ECO mode expects that the
control is changed so as to give priority to the fuel efficiency.
Therefore, even if the SOC changes greatly to some extent,
such a change of the SOC is less likely to be problematic.

FIG. 6 is a time chart for illustrating an outline of control
in the second embodiment. In FIG. 6, the horizontal axis
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10
shows time while the vertical axis shows the set state of the
ECO mode, the set state of the CD/CS mode, the SOC, and
the system requiring power.

In this case, the system requiring power is defined as
power required in the entire system that is obtained by
combining: power required by the user based on an accel-
erator pedal operation amount ACC; power required for
driving auxiliary devices; required charge power of the
power storage device; and the like. When the system requir-
ing power (a solid line LN12 in FIG. 6) exceeds a prescribed
threshold value (a dashed line LN11 in FIG. 6), the engine
is started.

Referring to FIG. 6, until time t21, the ECO mode is not
set and the SOC is larger than prescribed amount SL.1, which
means that the CD mode is selected.

The ECO mode is selected by the user operation at time
121. In the ECO mode, it is known that various measures for
reducing the fuel consumption are to be taken against
control for an engine, a motor generator, an auxiliary device
and/or the like. In FIG. 6, even if the ECO mode is selected
at time t21, the CD mode is continued since the SOC is
larger than prescribed amount SL1.

At time 122, when the CS mode is selected by the user’s
operation (the second CS mode), the SOC at the selection
time point (time t22) is set as target value SL.2 while the
SOC variable range (control range) is set at RNG2A, as
having been explained with reference to FIG. 3. Control
range RNG2A at this time is set to be further wider than
control range RNG2B (corresponding to RNG2 in FIG. 3) in
the second CS mode in case where the ECO mode is not
selected (at and after time t23 in FIG. 6). Thereby, the
frequency of starting the engine can be further reduced as
compared with the case in the CD mode and in the second
CS mode during which the ECO mode is not selected.

Furthermore, in the second embodiment, when the second
CS mode is selected in the ECO mode, the engine start-up
threshold value of the system requiring power is set to be
higher than that in the normal case, as shown by dashed line
LN11 in FIG. 6. Thereby, even if the system requiring power
increases, the engine is less likely to be started, so that the
frequency of starting the engine can be further reduced.

FIG. 7 is a flowchart for illustrating details of a process of
mode switching control carried out in the second embodi-
ment. FIG. 7 shows the same flowchart that has been
explained with reference to FIG. 4 in the first embodiment
except that step S130 is replaced with step S130A. Step
S130A includes step S131A to S134A. It is to be noted that
the explanation of the same steps as those in FIG. 4 will not
be repeated in FIG. 7.

Referring to FIG. 7, when the second CS mode is selected
by user selection (YES in S110), the process proceeds to
S120, in which ECU 300 sets, as target value SL2, the SOC
at the time when the second CS mode is selected.

Then, in S131A, ECU 300 determines whether the ECO
mode is selected or not by the user operation.

When the ECO mode is not selected (NO in S131A), the
process proceeds to S134A, in which ECU 300 sets the
control range at RNG2B (>RNG1), and proceeds the process
to S140.

On the other hand, when the ECO mode is selected (YES
in S131A), the process proceeds to S132A, in which ECU
300 sets the control range at RNG2A (>RNG2B). Further-
more, ECU 300 raises the engine start-up threshold value of
system requiring power in S133A. Then, ECU 300 proceeds
the process to S140.

ECU 300 cancels limitation on the required charge power
based on the SOC in S140, and performs SOC retention
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control in S150 such that the SOC is maintained within the
control range set in S132A or S134A.

Although not shown in FIG. 6, when the ECO mode and
the second CS mode are not selected, the engine start-up
threshold value of the system requiring power is reset to a
normal value.

By performing control according to the process as
described above, when the ECO mode is also selected in the
second CS mode, the frequency of starting the engine can be
further reduced as compared with the case where the ECO
mode is not selected. Accordingly, the fuel efficiency in the
CS mode can be improved.

In addition, FIG. 7 shows an example in which both of
expansion of the SOC control range in the second CS mode
and an increase in the engine start-up threshold value are
implemented when the ECO mode is selected, but only one
of them may be implemented.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the same is
by way of illustration and example only and is not to be
taken by way of limitation, the scope of the present inven-
tion being interpreted by the terms of the appended claims.

What is claimed is:

1. A hybrid vehicle comprising:

an internal combustion engine;

a power storage device that is chargeable/dischargeable;

a rotating electric machine configured to receive electric

power from the power storage device and generates
travel driving force; and

a control device for selecting one of a CD (Charge

Depleting) mode and a CS (Charge Sustaining) mode to
cause the hybrid vehicle to travel, in the CD mode an
SOC of the power storage device being consumed, in
the CS mode the SOC being maintained within a
prescribed range,

the CS mode including a first CS mode and a second CS

mode, the first CS mode being selected when the SOC
decreases to a prescribed amount, the second CS mode
being selected based on an intention of a user, and

a second prescribed range corresponding to the second CS

mode being set to be wider than a first prescribed range
corresponding to the first CS mode.

2. The hybrid vehicle according to claim 1, wherein, when
a prescribed mode in which reduction in fuel consumption is
prioritized over acceleration is selected in the second CS
mode, the control device sets the second prescribed range to
be further wider than that in a case where the prescribed
mode is not selected.

3. The hybrid vehicle according to claim 1, wherein

when required power becomes larger than a prescribed

threshold value, the control device drives the internal
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combustion engine to cause the hybrid vehicle to travel
using driving force from the internal combustion
engine in addition to driving force from the rotating
electric machine, and

when a prescribed mode in which reduction in fuel

consumption is prioritized over acceleration is set in the
second CS mode, the control device sets the prescribed
threshold value to be larger than that in a case where the
prescribed mode is not selected.

4. The hybrid vehicle according to claim 1, wherein, when
the internal combustion engine is operated in a case where
the second CS mode is selected, the control device adjusts
required charge power so as to be close to a prescribed
operating point at which operating efficiency of the internal
combustion engine is enhanced.

5. The hybrid vehicle according to claim 1, wherein

the first prescribed range is determined based on the

prescribed amount, and

the second prescribed range is determined based on the

SOC at a time when the second CS mode is selected by
the user.

6. The hybrid vehicle according to claim 1, wherein

when the CS mode is selected, the control device sets

required charge power for the power storage device in
accordance with the SOC, and

when the second CS mode is selected, the control device

sets the required charge power to be larger than that in
a case where the first CS mode is selected.

7. A method of controlling a hybrid vehicle by a control-
ler, the vehicle including an internal combustion engine and
a rotating electric machine that operates using electric power
from a power storage device, the method comprising the step
of:

selecting one of a CD mode and a CS mode as a traveling

mode of the hybrid vehicle, in the CD mode an SOC of
the power storage device being consumed, in the CS
mode the SOC being maintained within a prescribed
range; and

controlling the hybrid vehicle based on the selected

traveling mode,

the CS mode including a first CS mode and a second CS

mode, the first CS mode being selected when the SOC
decreases to a prescribed amount, the second CS mode
being selected based on an intention of a user, the
method further comprising the step of:

setting a second prescribed range corresponding to the

second CS mode to be wider than a first prescribed
range corresponding to the first CS mode.
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